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Ha OCHOBe ( P ~ K T ~  C y ~ e C T B O B a H U R  n P e A e J I b ~ 0 f i  CKOpoCTW P a C n p o C T p a -  

HeHUR ( P U ~ U ~ ~ C K H X  CUrHaJIOB B CBOe BfXMR B03HHK BOITPOC 0 ITepeCMOTpE! 

OllpeAeJleHUR B ~ M ~ H H O ~ ~  KOOpAUHaTbI B ~ A ~ J I ~ H H O ~ ~  I I ~ ~ C T P L L H C T B ~ H H O ~ ~  

TOrlKe. B p e 3 y J l b T a T e  6 b m  YCTaHOBJIeH K O H B ~ H ~ I I O H ~ J I ~ H ~ ~  X a p a K T e p  3 T 0 r 0  

ITOHRTUR. B P a M K a X  TeOpHU OTHOCHTWIbHOCTU npoCTpaHCTBeHHbIe  KOOp- 

AHHaTbI BBOARTCR H a  OCHOBe J I O K ~ U O H H O ~ O  O n b I T a  U U3MePReTCR C y M M a p -  

H o e  sperm p a c n p o c T p a H e H n R  c s e T o B o r o  cursana. Cyncae~ue o TOM,  TO 

CBeT IIpoXOAHT T y n a  U o 6 p a ~ ~ o  O W H a K O B b I e  PaCCTORHUR, RBJlReTCR IT03TO- 

M y  YCJlOBHbIM COrJlaLUeHUeM. B006ue peJIRTUBU3XJHR KOOPAHHBT, T.e. 

n e p e c M o T p  ux o n p e n e n e H n R  c T O ~ K U  3 p e ~ u ~  T e o p u n  O T H o c u T e n b H o c T u ,  

n03BOJIKn ITpaKTUqeCKU BbIRCHUTb UX ( P H ~ H ' I ~ c K u ~ ~  CMblCJl W ITpOBeCTU 

"0606we~ue" 3TUX O C H O B O n O J I a ~ a l O ~ I I X  ~ O H R T U ~ ~ .  B rlaCTHOCTU, 6b11-10 

OC03HaH0,  YTO O n b I T y  H e  l T p O T H B O ~ W T  aHU30TpoI IHOe IIpoCTpaHCTBO - B p e -  

MR. B 3~0f i  CBR3U ITPeACTaBJlReT UHTepeC p e a J I U 3 u U R  ~ a K 0 f i  BO3MOXHOCTU 

A a X e  C l7OMOWbKl " M ~ I C J ~ H M ~ I X  M 0 n W I e f i W .  

C A p y r o f i  CTOPOHbI, yXe BBeAeHUe IIpOCTpaHCTBa MHHKOBCKO~O UBU- 

JIOCb no CYTU A e n a  MaTeMaTUqeCKUM B b I p a X e H U e M  ~ e p a 3 p b l ~ ~ 0 f i  CBR3H 

IIpoCTpaHCTBeHHbIX U BpeMeHHbIX KOOpAUHaT, WX aHaJlOrUH. B rlaCTHOCTU, 

ABUXeHUe BClMTb BO B p e M e H U ,  I l p H B O W r W e e  K CyUeCTBOBaHI.IK, aHTUrlaC- 

THU, MOXHO C W T a T b  n p R M b l M  CJIeACTBUeM ~ a ~ 0 f i  aHtlJIOrWU. B M ~ C T ~  C T e M ,  

BCTpeqalOLlJUeCR ewe 3JIeMeHTbI HeKOBapHaHTHOrO OnHCaHUR, K a K  ITpaBKnO, 

CBR3aHbI WMeHHO C BpeMeHHblMH KOMnOHeHTaMU ~ - B ~ ~ H w H .  H e K 0 ~ 0 p b l e  

CTOpOHbI OTMeqeHHbIX BOl lpoCOB U ~ Y A Y T  IIpeAMeTOM lT0CJIeAyH)LUerO 

paCCMOTpi?HUR. 

2.1.  T ~ ~ H c ~ o ~ T u ~ o ~ K ~  uacoe 

K ~ K  ZI3BeCTH0, B TeOPWU OTH0CWTeJlbHOCTW B P e M R  B H~KOTOPOS? YAa- 

J l e ~ ~ o f i  OT AaHHOrO ~ a 6 n ~ l ~ a ~ e n ~  A T O q K e  (B)  OnpeAeJIReTCR H a  OCHOBe 

J l O K ~ U O H H O r O  OlTbITa. O ~ ~ K O  B C e  ewe CyUeCTBylOT MHeHIIR, rlTO 3 T a  

n p o 6 n e ~ a  M O X e T  6 b 1 ~ b  e ~ l l e ~ a & g q x q 3 & e ~ k i e ~  saCOB c 6 e c ~ o ~ e w o  

@ O h m - h o i  HH =%fmB m w W 0  Fa, 1987 1 
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M ~ O G  CKOpocTbK, H 3  TOqKH A B TOqKY B. XOTR, CTPOrO rOBOpfi ,  ~ B e H e H k l e  

noHRTurr  C K O ~ O ~ H  y x e  n p e a n o n a r a e T  p e l l l e ~ ~ o i i  npo6ne~y  O n p e n e n e H u R  

BpeMeHH ( O ~ H O B ~ ~ M ~ H H O ~ T U  B p a 3 n H W b I X  TOqKaX ~ ~ ~ O C T ~ ~ I - I C T B ~ ) .  

M ~ I ,  OnHaKO, XOTUM KOCHYTbCR apyr0G CTOPOHbI 3~0c n p o 6 n e ~ b 1 .  

B o 6 u e ~ ,  B p e M R  B TOYKe B, BBeneHHOe C n O M O 4 b H )  aBUwI.l .WXCR qaCOB, 

6 y n e ~  TaK mki kiHase CBR3WO C @ 0 p ~ y J I 0 #  peJlRTHBkiCTCKOr0 3aMenJIeHHR 

BpeMeHH. h 3 a n o c b  6b1, n p H  AOCTaTOlnrO MenneHHOM DBHXeHHki, K O r n a  

v <<I ( c  = 1) u B e n u r M H a M u  n o p m K a  v H M e H b m e  M O ~ O  n p e ~ e ~ p e s b ,  

T a m e  WCbI  R ~ ~ ~ C T B H T ~ J I ~ H O  M O H O  HCnOJIb30BaTb RJIR YCTaHOBneHklR B p e -  

MeHH B TOqKe B. O ~ H ~ K O  B 0 6 u e ~  CJIyqae P m n H W e  BCe Xe OCTmeTCR, ki 

6ynm COCTaBnRTb (CM ., H m p H M e p ,  
111 ) :  

B n m b ~ e # I U e ~  W R  nPOCTOTb1 MbI OrpaHHIIIIMCR nnOCKHM (1 + 1) > 
IIPOCTPaHCTBOM MUHKOBCKO~O. B 3TOM CJlyrISLe n n R  KOMnOHeHT M a T P U W O r 0  

T e H 3 o p a  UMeeM 

3 n e c b  So - ~ p e ~ e ~ ~ o f i  n a p a M e T p ,  So = 2co - 1 , co - n a p a M e r p  Peii- 
xe~6axa. H3 @ 0 p M y n b 1  (1) BbITeKaeT, S T 0  AJIR BbInOnHeHHR ~ p e 6 y e ~ o r o  
YCnOBMR H ~ O ~ X O J W ~ M O  0 ~ 6 p O ~ k i ~ b  H WIeH So V . HO TeM CaMbIM MbI ripe- 

~ e 6 p e r a e ~  H ~ @ $ ~ K T o M ,  KCTaTH rOBOpR,  - 'IHCTO PenRTkiBHCTClGiM, KO- 

 TOP^& @~KTHW?CKH H XOTUM H3MePHTb. 

r A e  MbI B b W e J I m H  BpeMeHHYK) KOOPAHHaTY; a , @= 1,2,3. 
nepexoaa K T ~ ~ , ~ ~ U O H H O M ~  B b I p a x e H u m  

gOadxa 2 B 
d s  = ( h i d t  + 1 - ( -gs  + goago@ ) d x a d x  . 

JgOO goo 



MoXHO CKmaTb,  YTO @ 0 p ~ y n b 1  (10) H (13) OITHCbIBmT ABa AOnyC- 

THMbIX OnbITOM CIIMMeTI)HrMbIX npeo6pa30sa~m KOOPmHaT ( B ~ M ~ H -  

HaR k i  npOCTpaHCTBeHHaR " ~ m a 6 p o ~ ~ n " )  . 

2.3.1. K ~ K  HSBeCTHO, B MbICneHHbIX OIlbITaX, H a  KOTOPbIe OrmpaeTCH 

TeopuR: O T H o c m e n b H o c r a ,  n p e n n o n a r a e r c H ,  s ~ o  ~ a 6 n m n a ~ e m  l u ~  n o K a -  

TOP, llOCbIJImll(lie CHrHaJIbI, RBIIFDOTCR TOYeWbIMH 06 'beKTa~k l .  O A H ~ K O  
no COBpeMeHHbIM IlpeACTaBneHnHM A r n e  o 6 x e m b 1  MHKpOMkIPa HMeH)T 

K O H e w b I e  pa3MepbI .  ~ O ~ T O M ~  6 y n e ~  MbIlXHTb TaKOrO " H ~ ~ ~ E O ~ ~ T W X H " ,  Ha- 

n p U M e p ,  npOTOHOM. A O ~ ~ C T H M  AaJIee ki  TBKYH) BO3MOXHOCTb, YTO OAHH H3  

U -KBPPKOB npOTOHa n0CbInaeT " J I o K ~ ~ H o H H ~ I ~ ~ "  CarHal l  ( C K M ~ M ,  B B m e  

@ O T O H ~ ) ,  CarHal l  OTpWaeTCR B H ~ K O T O ~ O ~ ~  y ~ a l l e H H 0 f i  TO'IKe U B 0 3 B p a a e T -  

CH H m W .  npEi 3TOM OH MOXeT IlOrJIOTMTbCR TeM Xe U -KBapKOM, K O T O P ~ I ~ ~  38 

3 T 0  B P M R  YXe CMeCTIlTCR B n p y r y I O  TO'IKY, HJIH APYrHM U-KBapKOM * . 
C TOYKH 3 P H U R  CTOwHHerO H a 6 n H ) ~ a ~ e n ~  B AWHOM OnbITe CUrHall UAeT TY- 

na a o6pamo pa3~oe B ~ ~ M R ,  ma, T o w e e ,  - n p o x o m T  pa3HbIe  p a c c ~ o r r t i w ~ .  

2.3.2. H e c o x p a H e ~ a e  npoc~paHCTBeHH0f i  YeTHOCTU n03BOJIReT B npkiH- 

UHlle peallH3oBaTb BpeMeHHyH) ~ U 3 0 T p O ~ .  T e n e p b  eCTb BO3MOXHOCTb 

CKOHCTpJGipBaTb " ~ ~ ~ B o C T O ~ ~ H H H ~ "  k i  " J I ~ B o C T O ~ ~ H H H ~ "  YaCbI ' 3/ .  MoXHO, 

C K a e M ,  CAenaTb %CbI C K O ~ ~ J I ~ T O M - ~ O ,  MWHHTaMkI H neTeKTOPaMII, pe- 
mcrpspymuwe p - p a c n ~ ~ b x e  3neKTpoHbI  n cmasouwe nx. n y c r b  npn 
 TOM ( m ~  o n p e n e n e m o c ~ u )  M m o e  none H a n p m n e H o  B n o n b  ocn X , 
a c a M  HCTOWUK H a x o n m c f l  B H a w m e  K o o p m a T .  B c ~ ~ n i i  pa3, K o r n a  pe- 
m c r p n p y e T c R  = e m p H ,  c e K y w a R  c T p e n K a  C n e r K a  nomaraercfx. Torna 
pacnonoxemibxii cnpasa neremop 6ynm p e a n m o s a r b  "npasb~e" s a c b ~ ,  

a s e p ~ c a n b ~ o  p a c n o n o x e ~ ~ b r i i  - "ne~bxe". Ho n o c K o n a K y  B 3 e p ~ a ~ n ~ 0  
OTprUKeHHMe WbI ITpHXOJUiT 6 a n b I I I e  3 J I eKTpHOB,  TO, O¶eBWZHO, -0 OHH 

6yny~  wnm 6b1crpee. 

T ~ K H M  06pa30~,  p a c n o n o x e H H b I e  mesa s a c b r  H e  bynyr c o r n a c o s b 1 -  

BaTbCH C npBOCTOpOHHHMEi, YTO ki  JTBJIReTCR npaKTHlreCKnM npHMepOM 

B p ~ e H H o f i  aHki30TponUH. KOHKP~THO PaCCMOTpeHHaR B03MOXCHOCTb COOT- 

BeTCTByeT C n y q W  C > C 2. 

2.3.3. B 0 n p e ~ e J I e H H 0 f i  CBH3ki CO CKa3WHbIM MbI XOTHM 0 6 p a ~ n ~ b  

BIUiMaHHe H a  yKa3bIBaeMyH) ~eopaefi OTHOCHTenbHOCTH OllpeneneHHyH) 

3aBHCUMOCTb ~ ~ ~ C T ~ H C T B ~ H H O ~ ~  U B p e ~ e H H ~ f i  H H ~ e w l l f i .  

P ~ C C M O T ~ M M  AJIH 3TOr0  ( ~ C ~ B A O )  CKaJIRpHyIO BOnHOByIO @ Y H K ~  
$'(t', x') , OllUCbIBaMll(YH), HXIpHMeP, ~ O K O H ~ ~ ( H ~ ~ C H  06xem. n p o E i 3 B e n e ~  

(DJ'IH saCTHOr0 CJIyYaR t '  = 0) HHBepctm, ~ ~ O C T ~ ~ H C T B ~ H H O ~ ~  KOOpAHHaTbI; 

~ Y C T ~  no AaHHbIM S ' - H ~ ~ ~ H ) A ~ T ~ J I H  B pe3yJIbTaTe HeKOTOporO B ~ ~ H M o A ~ ~  

CTBUFI (npo~ecca) IIOJTBwIaCb npkiMeCb COCTOHHM~~, IIpoCTpaHCTBeHHaR: 

YeTHOCTb (P) KOTOPbIX OTnHlIaeTCR OT IICXOAHO~~. H H ~ Y ~  rOBOPH, B3aHMO- 

nefic~sae m e T  c H a p y l r r e m e M  P - ~ e m o c ~ a .  O A H ~ K O  c TOYKII 3pe~m S - 
H ~ ~ ~ H ) ~ ~ T W X R  nORBneHUe npHMeCHOr0 COCTORHUFI MOXeT 6 b ~ b  CBR3WO 

KaK C Hapyl l IeHneM ~ ~ ~ c T ~ ~ H c T B ~ H H o ~ ~ ,  TaK H B P ~ M ~ H H O ~ ~  WTHOCTH (T) 
WIEi COBMeCTHOrO A ~ # C T B ~  3THX @ ~ ~ O P O B .  B 0 6 w e ~  CnylIae ( t '  f 0) 
npocTpmcrcTseHHaR msepcm c a M a  no ce6e c TO'IKH s p e ~ m  S - H ~ ~ J I H ) A ~ T ~ J I H  

He  HBnHeTCH K O B ~ ~ H W T H O ~ ~  0nepwaefi. 
B o n b u e  TOrO, B C ~ O M H H M  n p e A c r a s n e H a e  t a x sepe3 O n e p a q a o H a n b -  

HbIe KOOPAkMaTbI t -  W t+ (cM., H X I ~ H M ~ ~ , . ' ~ '  ) : 

Ha OCHOB~HZM (16) o s e B m o ,  mo u3MeHeHne s ~ a ~ a  z o 3 ~ a s a e ~  nepexon 
K - t +  n - t  - , a  TO, B CBOH) o s e p e n b ,  0 3 ~ a s a e ~  n 3 ~ e ~ e m e  HanpaBnezMR 

B w M e H H  (HH~epCkiKl B p e ~ e H H o f i  KOOpAkiHaTbI t ) ,  T.e., no CYTH nena, 
2-msepcm. B o 6 4 e ~  cnysae, H a n p n M e p ,  B p a M K a x  ne~apro~of i  ~ o n e n a ,  
  TO 6ynw 4-mepcm. 



 TO YCJIOBHe 0 3 H a q a e T  OTCyTCTBHe BbIAeneHHOTO H a n p a B n e m R  B n p o c T -  

piLHCTBe H AOIIyCKaeT, B PaCTHOCTII, n m 6 b 1 e  nOBOPOTb1 KOOPAnHaTHbIX 

0cefi. Ha IIpeACTaBJIeHHOM H H X e  PHCYHKe TaKYH) BO3MOXHOCTb PeaJ'IH- 

3 y e T ,  HaIIpHMep,  CHCTeMa KOOpAKHaT (t ' , X ' ) , l lOBepHyTaR OTHOCHTeJIbHO 

ncxon~oii ( t  , x )  H a  180". C npyroii C T O ~ ~ H ~ I ,  K (tP,x')- ape MOXHO 

nepekn c n o M o u m  ~ - H H B ~ ~ C H H *  . BMO n o n q e p m p b ,   TO BBeAeHne 

nM npHBe"0 @ ~ K T H ~ ~ C K H  K r e O M e T p H 3 a H H  B p M e H H .  O6pm~o  TOBOPR, 

B p e M R  npno6peno K a K  661 c ~ o f i c ~ s a  ~ ~ O C T ~ ~ H C T B ~ H H O ~ ~  KOOpAKHaTbI. 

B p e ~ y n b ~ a ~ e  6bma M a T e M a T n s e c m  a a ~ p e n n e ~ a  0 6 m ~ o c T b  C B O ~ C T B  npo- 
CTpiLHCTBeHHbIX H B p M e H H b I X  KOOPAHHaT. M O X ~ T  6blTb,  ~an60nee B M H b I M  

CneACTBHeM = O r 0  RBWIOCb OC03HaHIIe BO3MOXHOCTH CYIUeCTBOBaHIIR 

B nM B C K T O p B ,  HM€'H)LIPiX OTpHIWTeJIbHbIe BpeMeHHbIe  KOMnOHeHTbI. 

Ko~ewo,  CaM @KT, llTO KaXAOMY 3neMeHTaPHOMY llpoL&eCCy COOT- 

BeTCTi3yeT 06pa r~~r f i  ( H H B ~ P C H ~ I ~ ~ )  IlpoUeCC, 6bm H 3 B e T e H  AaBHO. Boo6we 
T - I I I ~ B ~ ~ H ~ H T H o c T ~  B C e r n a  PaCCMaTpHBaJTaCb K a K  o6mee C B O ~ ~ C T B O  ABHXe- 

H H ~ ,  YnpaBnReMbIX I L H ) ~ ~ I M I I  CWIaMH npHpOAb1. 

O A H ~ K O  C ~ ~ ~ H @ H ~ ~ C K H M  p 3 y n b T a T O M  TeOpHH OTHOCHTeJIbHOCTH RB- 

nReTCR TO, 'IT0 B ee paMKi3X 3 H e p T m  PO 0 n p ~ e . l I R e T C R  K a K  

0 me m - ~ a c c a ,  x = t , r - c o 6 C T s e ~ ~ o e  B ~ M R .  l l o s ~ o ~ y  npn t = - I t 1 M ~ I  

6 y n e ~  H M e n  D H X e H H e  06%eKTa C 0 ~ p H l l a ~ e . l I b ~ 0 f i  3 ~ e p r H e f i  =-E BCnRTb 

BO BpeMeHH, W O  FIsnReTCR WCTHbIM C n y q a e M  ABHXeHHR B IIpoTHBOncF 
i 

JIOXHOM 4 - ~ a l l p a B J I e ~ H M  qaCTnltb1 C 4 - U ~ n y n b c o M  p i  = - ( p I (cM., Ha- 

n P H M e P ,  
' 5.8 ' 1 - 

qT06b1 nOHRTb @ H ~ H ~ ~ c K ~  CMbICn 

nocnen~ero p e 3 y n b ~ a ~ a .  0 6 p a T n ~ c ~  \ 
4A 

K P R C ~ H K ~ .  Ha HeM npencrmnesa npo- 
CTpaHCTBeHHO-BpeMeHHaR K a p T n H a  P,BH- 

\. ,',% ' 

x e ~ m  P ~ C T ~ M  c s~eprneii E n3 T O ~ K H  \- 
;/ A(-At ,  - A x )  B TO'IKY B ( ( I t ,  A x ) ,  - ~ t 

crpen~oii  n o K a 3 m o  H a n p a r w r m n e  ee 
4 

C m M a  saA ( ~ l l k l p U I b ~ 0 ~ T b  h = -112). x' X 
l l y m  q- - ee 3apm. C TO~IUI  3 p m  

(t ' ,x  - K a p r b r  n3 TO'IKH A ( A t  ' ,AX? B T O ~ K ~  B(-At',-AX ') n e p e M e c r n n a c b  q a c -  

T n u a  c s~eprneii - E. T ~ K H M  06pa30~,  B T o w e  A 3 ~ e p r m  y s e n n w n a c b  Ha + 
B e J I H w H y  E, nORBHnCR CnMH S A ( H  3 a P R A  q ) , B TOqKe B 3 H e p r H R  YMeHb- 

IIIWIaCb, llOHBWICR CnHH SgmA (II  3 a P R A  q- )  . HO TaKgR KapTKHa ABHXeHHR 

B C m b  BO BpeMeHH WCTHUbI C O T P H U ~ T ~ ~ ~ H O ~ ~  3 ~ e p r H e #  COBepIIIeHHO H e  

COrJIaCyeTCR C HarUHM IIOBCeAHeBHbIM (M~KPOCKOIXH'I~CIUIM) OnbITOM, OC- 

HOBiLHHbIM H a  CYUeCTBOBaHHH "cTpe.lIb1 B ~ ~ M ~ H I I " .  ~ o ~ T o M J ' ,  nepeXOAR 

1 H a  npHBblWIb1fi RBbIK, MbI H C ' O n K y e M  3 T 0  RBJIeHHe CJIeAYH)WM 06pa30~.  
B3 T O q m  B(-A x') B MOMeHT BpeMeHH - A t '  BbIIIIJIa WCTHUa C 3 H e p  

rneR E H 3apHXOM q t  , B MOMeHT BpeMeHW A t '  OHa npn6bma B TOqKY 

A(A X')  ; ee CnHpaJ'IbHOCTb h = 112. HO 3 T 0  K a K  pa3 TO, W O  MbI 0 6 b 1 9 ~ 0  

Ha3bIBaeM ~ X - I T H ~ ~ C T ~ ~ # .  O T C H ) ~ ~  C OqeBHAHOCTbKl CJleAyeT, llTO A p y r H e  

ee XaPaKTePHCTHKH (MaCCa, B p e M R  HCH3HH, BelIWqHHa MaTHHTHOrO MOMeH- 

T a  U np.) AOnXHbI C H ~ ~ ~ X O A H M O C T ~ H )  COBnWaTb.    TOT n e F X 0 A  no Cy-  

WeCTBy npeACTaBJIReT T - z I H B ~ P c ~ ~ K ~  H aBTOMaTHqeCKH, K a K  BUAHO, n p H B 0 -  

AHT K llPOCTPaHCTBeHHOMY OTpMeHWH) (P) H 3aPRAOBOMY COnPRXeHHH) 

(C) . ~ O C K O ~ ~ K Y  @ ~ K T H ' ~ ~ C K W  T - 0 n e p ~ m  npkiBOAIIT HaC K aHTHqaCTHUaM, 

a HX O T n H W e  OT a H T H q a C T m  OnpeAeJIReTCR TeM HnH HHbIM 3apRAOM, TO 

~ a 6 n m n a e ~ o e  MHJIJIHCJla60e H a p y u l e H H e  T-HHB~PH~HTHOCTH, K a K  KaXeTCR,  

AOJIXHO IIpHBOAHTb K HeB03MOXHOCTH " B B ~ A ~ H H R "  aHTHqaCTHU. A 3 T 0 ,  

B CBOH) O q e p e A b ,  MOXeT 03Ha' laTb ~mnnc11a60e HapyIUeHHe 3aKOHa C o x p a -  

HeHHR JIelTTOHOB . 
T ~ K H M  06pa30~,  yxe B oc~o~ononaramwefi pa6o~e MHHKOBCKO- 

r ~ / ~ / * ,  T.e. a ~ o n r o  AO w ~ e c ~ ~ o i i  c T a T b n  ~ n ~ a ~ a ' ~ '  , + a ~ ~ n q e c m  co- 
n e p m T c n  n p e ~ c ~ a 3 m u e  c y w c m o ~ a ~ m  a H T n q a c T n u .  E o n b u l e  TOTO, Ha- 

l lp I IMep,  n p H  BbIBOne CneUHaJ'IbHbIX n p e o 6 p a s o ~ a H n i i  nopetrua MeTOAOM 

K - K 0 3 @ @ n l t H e ~ T a  ( K  - A O I T J I ~ ~ B C M ~ ~  M H o X H T ~ J I ~ )  B T O P ~ ~ ,  OTpHUaTWb- 

~ba 3HBK 0 6 b 1 q ~ 0  0 ~ 6 p a c b m a e ~ c ~  ( y c n o ~ n e  O ~ T O X ~ H H O C T H )  . O X H ~ K O  

HMeHHO 3 T a  BO3MOXHOCTb, B 'IBCTHOCTH, ( n p H  V * 0) CBOAHTCR K YnOMR- 

~ y ~ o r i  2-mepcnn. 
O T M ~ T W M  T a K X e ,  W O  B P a M K a X  paCCMOTpeHHOr0 nOAXOAa, O'IeBWXHo, 

HeT ~ e 0 6 x o n ~ ~ o c r ~  B HCKYCCTBeHHOM BBCAeHHH MOPR 3atlOlIHeHHbIX 

COCTORHH~~ C O T ~ H L & ~ T C ! J I ~ H O ~ ~  3 ~ e p r H e k .  

* 
Moxer  6~ rb. Tounee, - 6 crane n y w   ape / a'1 



PBCCMOTPUM C 3~0fi  TOYKH 3PeHW3 3neMeHT rUIOIUWH d o i k  B T F X -  

MePHOM lIp0CTpaHCTBe M m ~ o B c ~ o r o .  n p H B b 1 ~ a R  HaM WCTO npoCTpaH- 

1 crseHHaR: K o M n o H e m a  mofi senrnmm do l2  = -(xdy - ydx) T e n e p b  RB- 
2 

nReTCR BCerO JlHIlIb 0n~0fi  U3 TpeX KOMnOHeHT. Ase n p y r H e  duo H d o  10 

0npeneJIRH)T @ ~ K T W I ~ C K H  BpeMeHHbIe KOMnOHeHTbI TeX W Y X  BeKTOPOB, 

KOTOpbIe ki COCTaBJ'IRloT rUIOIIlmb d o  l2 . J $ f R  HaC 3 n W b  CJWeCTBeHHO TO, 

YTO npki paCCMOTpeHUU 6b1CTpb1x W H X ~ H ~  BeJIHqWHa d o  l2 6 y n e ~  3-H- 

CeTh OT TOTO, B K a m e  MOMeHTbI BpeMeHH " 6 e p y ~ c ~ "  nOnOXeHW3 yKa3aH- 

HbIX npOCTpaHCTBeHHbIX OTpe3KOB. a0 O C O ~ ~ H H O  CYIIleCTBeHHO nOTOMy, 

-0 TaKaFI BaXI-iaR @ H ~ H Y ~ c K ~ R :  XapaKTepHCTHKa, K a K  M S H U T H ~ I ~ ~  nHnOJIb- 

~ b 1 f i  MOMeHT, OnPeneJIReTCR HMeHHO npoH3BeneHHeM TOKa J Ha rUI0lIWD.b 

( K O H T Y ~ ~ )  (cM., ~ a n ~ ~ ~ e ~ , / ~ /  ) : 

npki 3TOM OTMeYeHHaR O C O ~ ~ H H O C T ~  6 y ~ e ~  @ ~ K T H Y W K H  XapaKTepH30BaTb 

C m y  B ~ ~ U M O ~ ~ ~ ~ C T B H R  WCTKL(b1 (06nmarowefi MarHHTHbIM MOM~HTOM)  

C MSHHTHbIM n0JIeM. Ho, MOXeT 6 b 1 ~ b ,  CaMOe BaXHOe 3neCb TO, YTO BpeMeH- 

HbIe KOMnOHeHTbI p OP ~ Y ~ Y T  Ollpt?ReJIRTb ~ ~ J I R T H B H C T C K U ~ ~  ~ H l T ~ n b H b ~ f i  

MOMeHT. H~TPYAHO B W e T b ,  rlTO B Hepe.JIRTHBHCTCKOM npenene BbIpZlXeHHe 

&llH 3neMeHTapHOrO nHlIOJIbHOr0 MOMeHTa ~ ~ ~ ~ C T B W T ~ J I ~ H O  nepeX0nkTT 

B K n a c c a s e c K o e  

KOH~WO,  npHMeHHTeJIbH0 K 3neMeHTapHbIM WCT- MbI nOJIXHbI 

OruipaTbCR H a  COOTBeTCTByIome OnepaTOpbI / lO/ .  O ~ H ~ K O  @ H ~ U Y ~ C K ~ R  

CYTb S ~ T P O H Y T O ~ ~  n p o 6 n e ~ b 1  OCTaHeTCR H ~ H ~ M ~ H H O ~ ~ .  

B ~ c l I e p E i ~ e ~ ~ a J I b ~ b ~ f i  @KT OTCYTCTBHII C O ~ C T B ~ H H O ~ O  3JIeKTpHYeCKOrO 

n w n o n b H o r o  MoMeHTa ( O B  ' = 01 y 3 n e ~ e ~ T a p m r x  s a c T w ,  06nmarowax 
M W H a M b I M  MOMeHTOM (pap 4 0) , @~KTNYWKU O3HaYaeT, YTO 3JIeMeHT 

I IJ IOwmki  "6epe~cn" OnHOBpeMeHHO (CWHXPOHHO) HMeHHO B C O ~ C T B ~ H H O ~ ~  

c a c r e M e  s a c r m b I  (S ' ) .  M H ~ I M H  CnoBaMu,  H a n p m e p ,  ssau~oneiic~sae 
HyKJIOHa ~pOHCXOnHT TaK, YTO COCTaBLBIIRIOUe eTO KBaPKU A ~ ~ ~ C T B Y I O T  

OAHOBpeMeHHO B S' . Y c T ~ H o B J I ~ H H ~ ~ ~  B H a C T O W e e  B P M R  Bep- ripe- 

nen nnn c o 6 m s e ~ ~ o r o  s n e K T p n s e c K o r o  n m o n b H o r o  ~ o ~ e m a  / '/ nos- 
BOmt?T 3aKnH)YHTb, YTO nOnyCTHMaR HeOnHOBpeMeHHOCTb H e  IIpeBbILUaeT 

lo-" C. ~ O ~ T O M Y  MOXHO CKa3aTb, YTO JIOpeHI&eBO COKpaLLIeHHe MOXeT 

enUHCTBeHH0 llpORBHTbCH TOnbKO n p H  CKOpoCTRX nBHXeHW3 n 0 p a K a  

10- " CM/C, a B e n a y m a  ero coc~asm lo-'%. npa ~ ~ M ~ T H ~ I X  xe CKOPOCTRX 

nBk ixeHaR M ~ I  B c e r n a  6 y n e ~  H M e n  ynnmemie n p o n o m m I x  p a 3 M e p o B  

B COOTB eTCTBKH C ~ 0 ~ u e ~ H e f i  PWIRTHBHCTCKO~~ nJIWHb1 /12,'. 

M ~ I  nOKa3aJIH1 YTO BOnpeKH eIIle BCTpeYaJCUeMyCR MHeHHH) TpZlHC- 

IIOpTHpoBKa UCOB He  n a e T  BOSMOXHOCTH YCTZlHOBHTb BpeMFI B ynaJIeHH0fi  

~ ~ ~ C T ~ Z ~ H C T B ~ H H O ~ ~  TOsKe. 6 b l n H  PaCCMOTpeHbI n B e  aJIbTepHaTHsHb1e B03- 

MOXHOCTH nepexona OT 0 6 0 6 ~ e ~ ~ b 1 x  IIpOCTpaHCTBeHHO-BpeMeHHbIX K O O P  

aHHaT K TPmHuHOHHbIM. npeDJI0Xe~b1  n B e  B03MOXHbIe MOneJIH p e a J I H 3 W H  

Z O I I ~ C T H M O ~ ~  OnbITOM aHH30TPOIIHOrO npOCTpWCTBa-BpeMeHH. O R H ~  H3 HHX 

YWTbIBaeT HeTOseWOCTb " H ~ ~ J I I ~ ~ ~ T ~ J I R " ,  n p y r a R  OCHOBbIBaflCR H a  HeCOX- 

PZlHeHHH YeTHOCTH. K ~ K  OnHO H3 rJIilBHbIX CJIeflc~BHfi BBeneHHR npoCTpari-  

CTBa M m ~ o B c ~ o r o ,  b b m 0  PaCCMOTpeHO nBHXeHHe B C m T b  BO B F M e H U ,  YTO 

B KOHeWOM CYeTe CBR3ZlHO C CyUeCTBOBaHHeM aHTH9aCTUI.l. H ~ K o H ~ u ,  6 b m 0  

nOArlepKHYT0, YTO OTCYTCTBHe Y 3JIeMeHTapHbIX YaCTUI.l, o6nmmmx Mar-  

HHTHbIM MOMeHTOM, C O ~ C T B ~ H H O ~ O  3JIeKTpHYeCKOrO nUnOnbHOr0 MOMeHTa 

n p H  YqeTe KOHeYHOCrH HX npOCTPBHCTBeHHbIX p a 3 M e p o B  MOXeT PaCCMaTpH- 

BaTbCR KBK KOCBeHHOe, HO OllMpWIUeeCR H a  HCKIIH)YUTeJIbHO TOWIbIe OnbI- 

TbI, yKa3ZlHHe B n o n b s y  ~ ~ J I R T H B H C T C K O ~ ~  " @ o p ~ y J I b l  yn . lHHe~Hc~".  
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